INTRODUCTION
In general, schwannomas are benign neurogenic tumors that occur primarily in soft tissues. Very few schwannomas in intraosseous regions have been reported, and they account for less than 0.2% of primary bone tumors (1) . The clinicopathological features or pathophysiologic mechanisms of intraosseous schwannomas are still unclear. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Schwannomas are benign nerve sheath tumors that are typically located in soft tissue. Occasionally, schwannomas involve osseous structures. These intraosseous schwannomas are generally benign neoplasms that account for less than 0.2% of primary bone tumors. Schwannomas are very rarely observed in long bones. We present a case of a schwannoma affecting the proximal femur with a coincident subchondral fracture of the femoral head. A 38-year-old-male presented with left hip pain without deteriorating locomotor function. Plain film radiographs displayed a lobulating contoured lesion within the intertrochanteric portion of the femur. The magnetic resonance imaging (MRI) scans showed a tumor occupying the intertrochanteric region. Diffuse bone marrow edema, especially in the subchondral and head portions of the femur that was possibly due to the subchondral insufficiency fracture was also noted. The lesion was surgically excised and bone grafting was performed. Histologically, there was diffuse infiltrative growth of the elongated, wavy, and tapered cells with collagen fibers, which are findings that are characteristic of intraosseous schwannoma. Although very rare, intraosseous schwannoma should be included in the differential diagnosis of radiographically benign-appearing, nonaggressive lesions arising in the femur. The concomitant subchondral fracture of the femoral head confounded the correct diagnosis of intraosseous schwannoma in this case. The radiologic findings are non-specific; these tumors manifest as well-defined osteolytic lesions with a thin peripheral sclerotic rim. In all of the cases that we reviewed in the related literature, the diagnosis of intraosseous schwannoma was not made until after the histopathologic examination of tissues obtained surgically or from tissue sampling due to the rarity of osseous involvement. We encountered a case of an intraosseous schwannoma in a patient with a concomitant subchondral fracture of the femoral head.
CASE REPORT
A 38-year-old male was referred to our hospital due to non-remitting pain in his left hip and groin area for duration of 2 months. He was in good health and had no relevant trauma, infections, or underlying systemic diseases. A plain hip anteroposterior (AP) radiograph displayed a lobulating contoured lesion in the intertrochanteric portion of the left femur (Fig. 1) . Computed tomography (CT) exhibited an osteolytic lesion with a relatively indistinct margin and subtle sclerotic rim involving the intertrochanteric region of the left femur. There was endosteal erosion at the medial cortex of the femur. No cortical disruption of the femur was observed (Fig. 2a) . These findings are concordant with a benign, rather than a malignant, bone tumor. There was a focal horizontal cortical deformity of the femoral head that was suggestive of a subchondral insufficiency fracture (Fig. 2b) . A technetium-99m whole-body bone scintigraphy demonstrated marked radiotracer uptake not only at the affected site at the intertrochanteric region, but also at the left femoral head (Fig. 3) . On the magnetic resonance imaging (MRI) scans, the mass manifested as a lobulating contoured tumor with an isointense signal intensity to the skeletal muscle on T1-weighted images and a subtle high signal intensity on T2-weighted images. The post-contrast T1-weighted fatsaturated sequences displayed a relatively homogeneous enhancement. The mass was determined to be 3.5 × 2.7 × 2.0 cm in size. Regardless of the presence of the tumor, the normal bone marrow signal intensity was noted around the mass at the femur shaft. Uninvolved parts of the femur and pelvic bones had normal marrow signal intensities. There was no periostitis, extraosseous tumor spread, adjacent soft tissue mass formation, or soft tissue edema. There were no enlarged regional lymph nodes. Therefore, the lesion was suggested to be a benign bone tumor entity, and radiographic differential diagnosis included hemangioma, enchondroma, and eosinophilic granuloma. However, the possibility of malignancy could not be excluded. Another remarkable finding was the diffuse bone marrow edema primarily in the femoral head which extended to the neck portion. This non-specific bone marrow edema was possibly due to the subchondral insufficiency fracture. The patient underwent an intra-lesional tumoral curettage and autologous bone graft filling. Based on the CT, MRI and whole-body bone scintigraphy findings, we hypothesized that the bone marrow edema and radioactive tracer accumulation in the femoral head and neck were due to a subchondral fracture of the femoral head rather than the tumor (Fig. 4) . A histologic analysis revealed that the lesion had a diffusely infiltrative growth between the trabecular bones. There were areas of the spindle-shaped cells with an abortive palisading appearance and a scanty amount of eosinophilic material that simulated a well-formed Verocay body. The immunohistochemical staining for S-100 proteins was positive (Fig. 5) .
DISCUSSION
Schwannomas are known as neurilemmomas, neurinomas, and perineural fibroblastomas. A schwannoma is a benign neurogenic tumor that consists of Schwann cells, which generate the peripheral nerve sheath that covers the myelinated nerve fibers (2) . About 25-40% of schwannomas are seen in the skin or subcutaneous tissue of the head and neck. Others have been found on the flexor surfaces of the extremities. In addition, schwannomas are very rare in individuals with underlying neurocutaneous syndrome such as neurofibromatosis.
In the past, researchers have used the terms "intraosseous schwannoma" and "intraosseous neurofibroma" interchangeably; but they are now distinguishable. Schwannomas typically arise in association with a nerve that enters the bone through a nutrient canal. Intraosseous schwannomas are rarely seen outside of the primary diagnosis of neurofibromatosis type I or von Recklinghausen's disease (3). Intraosseously-located schwannomas are extremely rare, and there is scant literature documenting femur involvement. Because of Fig. 3 . Technetium-99m whole-body bone scintigraphy. Diffuse increased uptake throughout the left femoral head and intertrochanteric region is noted. its rarity, an intraosseous schwannoma is therefore not generally considered during the differential diagnosis of tumorous lesions of the femur. Only six cases of intraosseous schwannoma involving the femur have been reported in the medical literature (4) .
Schwannoma involvement of the bone was postulated to occur through three mechanisms: 1) origination from the bone, 2) growth within the nutrient canal and secondary widening or penetration of the medullary canal, or 3) an initial extraosseous location, followed by subsequent erosion of the bone. The second type is the most common mechanism by which intraosseous schwannomas affect long bones (5) . In most cases, these schwannomas display the characteristics of benign bone tumor entities. They present as a slow-growing, painless mass and are asymptomatic in 25% of cases. Other clinical manifestations include non-specific local pain or local swelling with pain when combined with a secondary infection. In rare cases, a microfracture or pathological fracture can occur (6) .
The radiologic features of an intraosseous schwannoma are consistent with those of benign bone tumors. The plain radiograph findings were as follows: 1) a well-circumscribed osteolytic lesion possessing a sclerotic margin, 2) a cyst-like lesion with a unilocular or multilocular form, mimicking a simple bone cyst, 3) protrusion or erosion into the adjacent bone, 4) absence of central calcification, 5) thinning of the cortex, and 6) rarely concomitant periosteal reactions. Osseous lesions with similar characteristics are simple bone cysts, aneurysmal bone cysts, non-ossifying fibromas, benign fibrous histiocytomas, desmoplastic fibromas, fibrous dysplasia, chondromyxoid fibromas, and enchondromas. Because the findings for intraosseous schwannomas are The adjacent endosteal bone and soft tissues are normal. No bone marrow edema or contrast enhancement in the femoral shaft adjacent or just inferior to the tumor was noted. The prominent marrow edema with mild contrast enhancement in the head portion of the femur (thin arrows) was believed to be due to the subchondral fracture, not the tumorous lesion itself.
non-specific, plain radiographs are not sufficient for precise diagnosis (7). On the MRI scans, these tumors exhibited an isointense low signal intensity compared to the muscle on T1-weighted images, high signal intensity on T2-weighted images, and contrast enhancement with gadolinium. It seems that massive bone marrow edema in the femoral head in our case was possibly due to the existence of a subchondral fracture, and not the tumor itself. The shape can be another key to differential diagnosis. In cases of paraspinal schwannomas, a dumbbell shape is a typical finding because of the tumor's tendency to extend into an enlarged neural foramen. The recognition of a fusiform lesion continuous with the nerve can be another strong indicator of a peripheral nerve sheath tumor such as a schwannoma (8) .
In many cases, however, diagnosis is not even suspected until the histological appearance is evaluated after a biopsy or surgical resection. Due to the benign nature of these tumors, surgical curettage and bone grafting ensure a good prognosis. Histopathologically, schwannomas are usually composed of two components. One component is Antoni A type tissue, which consists of highly ordered cellular components with degenerative changes and variable admixtures of compact spindled cells. The second component is Antoni B type tissue, which is hypocellular, microcystic tissue rich in macrophages and collagen fibers within a loose myxoid component (9) . In Antoni A type tissue, homogeneous acellular zones with nuclear fencing known as Verocay bodies are sometimes noted. Verocay bodies and nuclear fencing are associated with nerve cell differentiation. The Antoni B region consists of randomly organized tissue with microcysts. Intraosseous schwannoma and soft tissue schwannoma share similar histologic features. However, the former shows a higher degree of cellularity with slight fencing and inadequate Verocay bodies. Positive immunoreactivity for S-100 proteins is indicative of soft tissue and peripheral nervous system tumors including Schwann cell origin tumors.
This report highlights the importance of considering the possibility of intraosseous schwannoma in the differential diagnosis of osseous tumors when presented with a benign-appearing femoral bone lesion. Because the clinical course and the radiographic appearance of intraosseous schwannoma are not always typical, the diagnosis can be feasible only after histologic examination. In our case, concomitant bone marrow edema was responsible for our original misdiagnosis. In our case, the focal horizontal cortical deformity of the femoral head represented a subchondral fracture of the femoral head. We deduced the subchondral fracture as the culprit of the diffuse bone marrow edema at the proximal femur. The possibility of transient osteoporosis and transient bone marrow edema syndrome should be considered; therefore, confirmation and follow-up studies are needed. The presence of the associated marrow edema from the fracture probably obscured the true imaging characteristics of the mass. Despite the fact that the imaging findings of the mass showed benign features, the lesion was curetted and excised which yielded the pathologic diagnosis for the intraosseous schwannoma.
In conclusion, we reported a case of intraosseous schwannoma in the left proximal femur. The MRI and CT scans demonstrated a lobulating contoured mass with secondary widening and thinning of the adjacent medullary canal. A concomitant subchondral fracture of the femoral head was another feature that confounded the correct diagnosis of intraosseous schwannoma. For precise diagnosis and to avoid unnecessary treatment, surgical tissue sampling is mandatory.
